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PRODUCTION OF HUMAN PAPILLOMAVIRUS CAPSID 
PROTEIN AND VIRUS-LIKE PARTICLES 

The present application is a continuation-in-part of U.S. Patent Application 
Serial No. 08/028,517, filed March 9, 1993, now pending; and U.S. Patent Application 
Serial No. "to be assigned", filed March 7, 1994, now pending. 

The United States Government may have certain rights in this invention 
pursuant to Public Health Service awards AI-82509, AI-35159 and CA-11198 from the 
National Institutes of Health. 

FIELD OF THE INVENTION 

The present invention relates generally to papillomavirus (PV). More 
particularly, the invention relates to a method of expressing the human papillomavirus 
type 6 (HPV-6) and type 11 (HPV-11) capsid protein coding sequence using the 
baculovirus expression system, production of HPV virus-like particles (VLPs) and use of 
these VLPs in production of antibodies which recognize epitopes on HPV, and for 
HPV vaccine development, and for development of serologic tests for the detection of 
HPV infection. 

BACKGROUND OF THE INVENTION 

The family Papovaviridae constitutes a group of DNA viruses that induce both 
lytic infections and either benign or malignant tumors. Structurally, all are naked 
icosahedral virions with 72 capsomeres and contain double-stranded circular DNA. 
Viruses included in the family are: (1) human and animal papillomaviruses, (2) mouse 
polyomavirus, (3) simian vacuolating virus, and (4) human viruses BK and JC. 

Human papillomaviruses (HPV) infect cutaneous, genital, oral, and respiratory 
epithelia in a tissue-specific manner. Infection with HPV has been associated closely 
with the development of both benign lesions and malignancies (Reichman et aL, 
Papillomaviruses , 1990, pp. 1191-1200; and Mandell et al., Principles and Practice of 
Infectious Diseases . 3rd Edition, Churchill Livingstone, New York, N.Y.). For 
example, HPV type 1 (HPV-1) is present in plantar warts, HPV types 6 or 11 (HPV-6 
or HPV-11) in condylomata acuminata (anogenital warts), while HPV types 16 or 18 
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,HPV 16 or HPV-18) are common in premalignan. and malignan. lesions of .he cervical 
(HPV-16 or HP ) papillomavirus infection and cervical 

squamous epithelium (See Crum et al., num f 

^ • , " 1984 Int J Gynecol. PathoL vol. 3, pp. 376-388, zur . 

neoplasia: New perspectives 19 4 / ^^^^^ I 

Hausen GemtaUaeillorn^^ 1^^., pp. g ^ 

■Epidemiology of seni^al human papiUomav,™. mfemcn. 198B, 

10, pp. 122-163). , J dsvdopment of 

U,,„evet diHicultws m propagaung HPV in vitro n 

aches to antigen produaion for immunologic studies. For example, 
alternative approaches to antigen p 

1 -The PssI-XioU restriaion fragment of the HPV-6b 1.1 ui^r 
Bonneietal., TheistlAOOii f„„ HPV 6 condyloma acuminatum 

1 ;„1 .oecificitv as determined by sera from HI v b conay 
immunolog cal spec f. ^^^^ _ ^.^^ ,,,, pp. 

patients and -"-l^' '^'^^ Jl„„„reactive antigens of human 
,7-80. Jenison et al.. Wentrf 

papiUomavinas «yP= .j^„^,^;„„ ,f Human papiUomavirus type 

W, vol. 62, pp. ,„„,p„„aing antibodies in 

t " -rt: " r::, p. aU.O., .eele et al., -Humoral assays of 
human sera, 1987, /. V, , ^^^^ papillomavirus type I, 

human sera to d.s.p.«i a^d — ^.^^ ^ ^ ^ ^^^^ 

1990, lAro/ogy, vol. 174. pp. • j^^^^ „j 

human papiUomavims typ ^^^^^^^ ^^^^^ 

'"'Zi Z Z- in western blot analyses of sera obtained from 
the gemtal tract. Ke^ults from these studies have 
, :"tBranIaies to denatured, i.e. linear, epitopes of HPV capsid proteins can 

.e detected in the sera of some i"'-^^^;^;^^ ^ 
Whole vims partides have also been used to 

.eluding antibodies directed agamst jr;!. produce fe, 

aifficult to conduct ^--;^::::^-:Z... . amounts sufficient to 
,0 particles. Whole virus particles can oe 
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conduct immunologic assays from HPV type l-induced plantar warts (Kienzler et al., 
"Humoral and cell-mediated immunity to human papillomavirus type 1 (HPV-1) in 
human warts," 1983, Br, /. Dermatol, vol. 108, pp. 65-672; "Pfister et al., 
Seroepidemiological studies of human papilloma virus (HPV-1) infections," 1978, Int. / 
5 Cancer^ vol. 21, pp. 161-165; and Steele et al., "Humoral assays of human sera to 

disrupted and nondisrupted epitopes of human papillomavirus type 1," 1990, Virology, 
vol. 174, pp. 388-398) and experimentally-induced HPV-11 athymic mouse xenographs 
(Kreider et al., "Laboratory production in vivo of infectious human papillomavirus type 
11," 1987,/ ViroL, vol. 61, pp. 590-593; and Kreider et al., "Morphological 

10 transformation in vivo of human uterine cervix with papillomavirus from condylomata 
acuminata," 1985, Nature, vol. 317, pp. 639-641). More particularly, U.S. Patent No. 
5,071,757 to Kreider et al., discloses a method of propagating infectious HPV-11 virions 
in the laboratory using an athymic mouse xenograph model system. Although this 
system is capable of producing quantities of infectious virus that could be used for the 

15 development of a serologic test for genital HPV infection, this system is very expensive 
and cumbersome. Furthermore, only one genital HPV type has so far been propagated 
in this system, thus, limiting its usefulness. In addition, the infectious virus produced 
using this system represents a biohazard and, therefore, would be difficult to use in a 
vaccine formulation. 

20 Zhou et al., in "Expression of vaccinia- recombinant HPV 16 Ll and L2 ORF 

proteins in epithelial cells is sufficient for assembly of HPV virion-like particles", 1992, 
Virology, vol. 185, pp. 251-257, have reported the formation of HPV-16 virus-like 
particles in CV-1 cell nuclei following infection with a vaccinia virus HPV-16 L1/L2 
double recombinant expression vector. However, the authors were not able to produce 

25 VLPs with a vector expressing Ll alone. Furthermore, the VLPs produced lacked a 
well-defined symmetry, and were more variable in size and smaller, only about 35-40 
nm in diameter than either FIPV virions (55 nm) or the VLPs of the present invention 
(baculovirus produced HPV-11 VLPs, about 50 nm in diameter). 

U.S. Patent No. 5,045,447, to Minson, discloses a method of screening 

30 hybridoma culture supernatants for monoclonal antibodies with desired specificities. 
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HPV v.rus.Hke P-*^ ,,doses she. peptide sequence. 

. U.S. Patent No. 4,777,23 , to ^ ^ f^es which elicit 

aerived fto. seve.1 of the pap lo.a..s ° „ ,,close any 

„pe-specl£ic antibodies to pap.llomav.rus. Ho-ver, t 

U.S. Patent No. =,0=7,4U, to _^ ^^^^^.^^ ^^^^^^ ^^^^ 

'° """::dii:::^'^^^^^^^ " . 

the inventors contend encode p P ^^^.^^ ,l,.s 

.„ven.ors do not disclose .ntected '^^J^J .^^ , ^pV-l) version of 

sequence. Instead, they synthes.zed a bov.ne p p ^^^^.^ 
sequence (a 10 an.no acid peptide. °' "i-^^^; * ^^J,, 
15 tested the antiserum's abiUty to re«. -th ..the 

«,ropapil,oma tissue. The ^-^;^2:^^^ . .ri.emc 

,3sue. The inventors then -^^'^'Jl^^rl^ papiUo-vitus U codin, sequences 
aeterminant that was .ype-spec.f.c, » therefor P P ^ ^^^^ 

contain a type-specific epitope at th. ^•^-^ J^ ' ^aition, the 

•n"r::r:rdr:^^^^^^^^^^^ 

,_rr;:-c ar.d prophy,act.c modal..es. One s^ ^ - 

^eceived little recent study, would he aerW from the 

„eated condyloma acuminatum patterns w.th an autogen _ 

■ . „,n5iberstein,-ImmunlMtion therapy of warts, ^rco. 
p„.ents warts (Brberne. , ^ ^^^^^^^^^ .^p,,^,, 

1944, vol. 50, pp. 12-22). Thereafte ^ 
30 used today for preparing autogenous wan vacanes 
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acuminatum (Powell et al., "Treatment of condylomata acuminata b}:. autogenous 
vaccine/' 1970, South Med, vol. 63, pp. 202-205). Only one double-blind, placebo- 
controlled study has attempted to evaluate the efficac}' of the autogenous vaccine 
(l^Ialison et al., "Autogenous vaccine therapy for condyloma acuminatum: A double- 
5 blind controlled study/' 1982, 5r. /. Vener. Dis,, vol. 58, pp. 62-65). The authors 
concluded that autogenous vaccination was not effective in the treatment of 
condylomata acuminata, although this interpretation may be erroneous. The small 
number of patients studied precluded drawing valid negative conclusions. In any event, 
autogenous vaccines, as presently described, have several disadvantages. First, the 

10 patient needs to have relatively large warts (2g to 5g) in order to prepare the vaccine. 

Secondly, the practitioner needs access to laboratory equipment and expertise each time 
a new patient is to be treated. Thus, vaccine preparation is very expensive, tedious, and 
in cases involving relatively small lesion mass, not possible. 

Unfortunately, traditional methods of virus propagation have not yet been 

15 adapted to the study of papillomaviruses, and the alternative methods previously 

described fail to produce infectious virions in any significant amounts for immunologic 
studies. Also, in vivo propagation of HPV-11 in the athymic mouse system is not ver>' 
practical because it is expensive, labor intensive and currently limited to HPV-11. 
Consequently, an alternative method of producing epitopes of HPV capsid for use in 

20 immunologic studies and vaccine production is needed. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method of expressing the capsid protein 
coding sequence of papillomavirus (PV) in a cell, comprising transfecting the cell with 
25 an expression vector containing the papillomavirus capsid protein coding sequence 
under conditions facilitating expression of the protein in the cell. 

In another aspect of the invention, there is provided a vims-like particle(s) 
(VLPs), fragment(s), capsomer(s) or portion(s) thereof, formed from papillomavirus 
capsid protein. It has been discovered that the virus-like particle(s) comprises antigenic 
30 characteristic(s) similar to those of native infectious papillomavirus particles. 
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I„ a p«fe.ed e^bod-nen. of the invenuon. there is provided a method of 
L U capsid protein codmg sequence of human pap,Uomav,n.s type-6 
t^eluJv-n) in Sf. ce. usm. the ha.,o.rus e.p^sion 
The and HPV-ll coding sequences .ere cloned usmg standard 

^'T -irar, into a baculovitus transfer veaor. The resuLns baculov.n.s 

T Itrl to co-transfect Sf-9 insea cells with A..^.pl,^ cl^^'^' 
transfer veaor were used ^^^^^^^ ^^^^^^ 

nuclear polyhedros.s vrrus (AcNP^ ^ ^^^^^^^^^ ^^^^ 

AcbLl or uuu rvTP.:'! VLPs were 

J u u T 1 nrotein formed virus-like particles (VLi sj. vi.i s we 
.as discovered that the LI ^'^^ , fractions obtained 

;rl.»ntlfied bv electron microscopy ot ne^aiivciy 

r , cells infected with the AcUU recombinant baculov.„s. It was further 
from Sf-9 cells miecte morphological characteristics 

. d that Z. anLra. 

nlav a role in the id»tification and characterization of an HPV 
diagnostic - ;7;jtr ^ccine devaopment (both therapeutic and 

r^eptor an ^ be -d ^^^^ ^^^^^^ ^ ^^^^ 

prophylactic)^ h^s und ^ ^^^^ ^^^^^^^ ^^^^^^^ 

^ E ES— 

:lunologic studies of papillomaviruses and for developing vaccines against 

papillomaviruses. 

^j^^o^ypTir^N OF THf FIQVMS 

Fig lA shows Coomassie-blue stained SDS polyacrylamide gel of wild-type 
AeNPV and recombinant AcllLl-infeced SF-9 ceUlysates. 

Pig. IB shows a Western blot of wild-type AcNPV and recombinant AcUU 
infected SF-, cell lysates probed with rabbit polyclonal antise^m specific for HPV 

30 common epitope. 
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Fig. 2 shows an electron micrograph of HPV-11 virus-Hke particles recovered by 
sucrose density centrifugation from AcllLl-infected SF-9 cells. The VLPs shown are 
approximately 52 nm in diameter (scaled by magnification standards) and possess 
icosahedral symmetr}', consistent with published obser\''ations regarding the 
5 morphologic characteristics of naturally-occurring papillomavirions. 

Fig. 3 shows Western blot and immunodotblot comparisons of rabbit antisera 
immunoreactivities with recombinant Ll. In panel A, recombinant LI insect cell lysate 
was Western blotted under denaturing conditions. In panel B, non-recombinant (+) or 
recombinant Ll (Ll) insect cell lysates were applied to a blotting membrane under non- 
10 denaturing conditions. Strips A were probed with a rabbit polyclonal antiserum specific 
for the FEPV Ll common epitope; strips B were probed with a rabbit polyclonal 
antiserum specific for the amino-terminal amino acid sequence of HPV Ll; strips C 
were probed with a rabbit polyclonal whole virus particle antiserum. 

Fig. 4 shows a Western blot assay using recombinant Ll insect cell lysates. 
15 Strips A-X correspond to different primary antibodies used (strips A and B were reacted 
with pre- and post-immune rabbit anti-whole virus particle antisera, respectively; strip C 
was reacted with post-immune rabbit anti-denatured Ll common epitope antiserum; 
strips D-O were reacted with condyloma acuminatum patients' sera; strips P-X were 
reacted with control sera). 
20 Fig. 5 shows an immunodotblot assay using insect cell lysates. The letters above 

the strips correspond to different primary antibodies used, which were the same as 
described in Fig. 4. 

Fig. 6 is an electron micrograph of HPV type 6 VLPs, produced by the 
construction and expression of an HPV-6 Ll recombinant baculovirus (Ac6Ll). 
25 Fig. 7 is an electron micrograph of HPV type 16 VLPs, produced by the 

construction and expression of an HPV-16 Ll recombinant baculovirus (Acl6Ll). 

Fig. 8 shows seroreactivity of condyloma acuminatum patients to HPV-11 Ll 

VLPs. 

Fig. 9 shows correlation between the seroreactivities to HPV-11 virions and 

30 VLPs. 
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Fig 10(a) shows a Western blot <}.h panel) of HPV-11 LI (Lane 2) and HPV.16 
LI (Lane 3) proteins. Molecular reference markers are at the left, the arrow indicates 
the approxtmate positions of the HPV-ll and HPV.16 recombinant LI protems. 

Fi, 10(b) is an Immunodotblo, (right panel) where Lane 1: AcNPV (wild-type 
baculovims-infeaed sample); Une 2: AcllLl (recombinant AcllLl-infeaed sample); 
Lane 3- AcWLl (recombinant AclSLl-infeaed sample). 

Fig 11 shows SDS Page and Western immunoblot detection of recombmant 
HPV-11 LI in the AcllLl-infeaed Sf-9 cell culture supernatant (P«.el A: SDS page 
(Coomassie stained); Panel B: Western blot, using the PVLl common antigen serum; 
. Lane 1- High speed pellet from non-recombinant AcNPV-infected cell culture 
supernatant; Lane 2: High-speed pellet from AcllLl-infeaed Sf-9 cell culture 
supernatant; Molecular weight makers (M,) are at the left; Arrow at the rrght denotes 
the position of 55 kD M, recombinant LI). 

Fig 12 shows an elearon microscopic analyses of crude and CsCl-purt&ed VLP 
5 preparations (A-VLPs peleted from AcllLl-infeaed Sf-9 cell-free culture supernatant; B- 
CsCl-purified VLPs; bar - 50 nm) jHPV 
Fig 13 shows immunodotblot analyses of purified recombmant VLPs and HPV- 
11 whole virions (Lane 1: Pte-immune sera; lane 2: post-immune sera; A- Rabbit R-366. 
immunized with purified HPV-11 whole virions; B- Rabbit R-399, immunized wtth 
!0 purified HPV-11 VLPs; Antigens: VLP (HPV-11 LI virus-like partiaes); WVP (HPV-11 

whole virus particles)). 

Fig 14 shows a dotplot analysis of xenograft geometric mean diameters (GMD). 
Fig 15 shows a Western blot immunoassay of HPV-11, HPV-16 and HPV-18 
purified VLP preparations (Lane A, HPV-11 LI VLPs; lane B, HPV-16 LI VLPs; lane 

25 C, HPV-18 LI VLPs). 

Fig. 16(A-C) shows an electron micrograph of cesium chloride-punfied VLPs 
derived form HPV types 11, 16 and 18. Vlps were purified as described in the 
specification and negatively-stained with 2% phosphotungstic acid. A) HPV-11 LI 
VLPs- B) HPV-16 LI VLPs; C) HPV-18 LI VLPs; Bars correspond to 100 nm. 
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Fig. 17 shows immunoreactivkies of VLP rabbit post-immune antisera with 
homologous and heterologous VLP preparations. Antigens: PiPV-11 Ll white 
bars; HPV.16 Ll VLPs, stippled bars; HPV-18 Ll VLPs, black bars. Antisera: A) Ami- 
PVLl common antigen rabbit antiserum; B) HPV-11 whole virion rabbit antiserum; 
5 C,D) from two rabbits inununized with HPV-11 Ll VLPs; E,F) from two rabbits 

immunized with HPV-16 Ll VLPs; GjH) from two rabbits immunized with HPV-18 Ll 
\aPs 

DETAILED DESCRIPTION OF THE INVENTION 

10 The present invention is directed to a method of expressing the papillomavirus 

capsid protein coding sequence in a cell using the baculovirus expression system under 
conditions facilitating expression of the protein in the cell. In another aspect of the 
invention, it has been discovered that virus-like particle(s) (VLPs), fragment(s), 
capsomer(s) or portion(s) thereof are formed from the papillomavirus capsid protein. It 

15 was further discovered that the virus-like particle(s) comprises antigenic characteristics 
similar to those of native infectious papillomavirus particles. 

As used herein, "virus-like particle(s) (VLPs)" refer to a virus-like particle(s), 
fragment (s), capsomer(s) or portion(s) thereof produced from the capsid protein coding 
sequence of papillomavirus and comprising antigenic characteristic(s) similar to those of 

20 infectious papillomavirus particles. As used herein, "antigenic characteristic(s)" refers to 

(1) the ability of the virus-like particle(s) to cross-react with wild-type particles (native 
infectious virus particles of the same HPV type) as determined by antisera generated in 
animals and/ or humans by immunization with either VLPs or infectious virus; and/or 

(2) the ability to recognize or detect antibodies in human sera from persons known to 
25 be infected with homologous virus. 

As used herein, "Ll protein coding sequence" or "Ll capsid protein coding 
sequence" or "Ll coding sequence" refers to the open reading frame which codes for the 
Ll protein in papillomavirus. When expressed, the Ll protein coding sequence 
produces a protein, or protein complex, or aggregate, which possesses immunological 
30 and morphological characteristics similar to those of native papillomavirus virions. The 
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Ll coding sequence u.ed in the invention can be >solated and purified from 
papillomavirus genomic DNA or synthesized using standard genetic engmeer,ng 

techniques. , 

"^s used herein, the term -transfecting" refers to any means for mtroducmg a 
5 vir^s. plasmid or vector into a cell. Examples of such means include infection, calcrum 
phosphate precipitation and elearoporation. , . . t 

In a preferred embodiment of the invention, there is provided a method of 
expressing the coding sequence for the Ll capsid protein of human papillomavirus type- 
n (HPV-11) or human papillomavirus type-6 (HPV-6) in Sf-9 insea cells usmg the 
10 baculovirus expression system. It is understood that the capsid protein coding sequence, 
of these HPV types are used for pu^oses of iUustration only, and that any Ll capsrd 
protein codmg sequence for any animal or human papmomavir^s type <.n be u.ed 
lithout deviating from the .ntended scope of the inventron. Such HPV ^pes tndud 
v^ithout Umitation, HPV types 16, 18, 31. 33. 35 (Gi^man et al.. C^cer Ce«. 1987, vol. 
15 5 p 275, which disclosure is hereby incorporated by reference), and those HPV types 
disclosed in PCT publication no. WO 92/16636 to Boursnell et al.. which d.closure ts 
hereby incorporated by reference. 

The preferred expression system used in the method of the invention .s the 
baculovirus expression system, however, it is understood that any ^^'^^l 
.0 system(s) can be employed herein provided the system(s) can expresses the Ll protem 
coding sequence. Examples of such systems include, without lim,tat>on any 
prokaryotic and/or eukaryotic sys.em(s) mduding adenovin.se. SV40, E. coU, March 9. 
1993CHO cells, vaccinia vinrs, insect viruses, yeast, bacteriophage virus or modrf,ed 
viru.s,DNA plasmids, vectors andtheUke. The host cel. for expression of the L 
a5 coding sequence U dependent on the expression system used. Examples of suttable host 
cells include, without hmitaiton. bacteria (prokaryotic) , microorganrsms such as yeast, 
mammalian cells (eukaryotic) and insect celU. When using the baculovints expression 
system, insect celU, such as Sf.9 or Sf-21 are preferred. 

In another aspect of the invention, it was discovered that the Ll protem 
30 produces virus-like partides (VU-s), fragment(s). capsomer(s) or portion(s) thereof. 
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formed from papillomavirus capsid protein. It has been discovered that the virus-like 
particle(s) comprises antigenic characteristic(s) similar to those of native infectious 
papillomavirus particles. More particularly, these VLPs contain an antigenic 
determinant that is specifically recognized by antibodies present in sera obtained from 
5 genital HPV-infected patients. For example, reaction of VLP-containing insect cell 

extracts with antisera directed against either denatured or non-denatured capsid epitopes, 
as deduced by immunoreactivities in Western blot and immunodotblot assays, 
suggested that conformational epitopes present in native HPV-11 infectious virions were 
also present on the baculovirus-produced HPV-11 VLPs of the present invention. 

10 Immunodotblot assays using human sera obtained from individuals with biopsy proven 
condylomata acuminatum correlated closely with results previously obtained in HPV-11 
whole virus particle-based ELISA tests as described by Bonnez et al., "Use of human 
papillomavirus type 11 virions in an ELISA to detect specific antibodies in humans with 
condylomata acuminata," 1991,/. Gen. ViroLy vol. 72, pp. 1343-1347, which disclosure is 

15 hereby incorporated by reference. 

These morphologic and immunologic similarities to native HPV-11 virions 
suggest that recombinant VLPs produced in the baculovirus system will be useful in 
sero-epidemiology and pathogenesis studies of not only genital HPV infection but for 
any papillomavirus and for vaccine development. LI has an intrinsic capacity for 

20 self-assembly. Thus, other papillomavirus proteins are not required for VLP formation 
in the baculovirus system. This supports the contention that VLPs to all types of 
papillomaviruses can be produced in accordance with the method described herein. 

The VLPs of the invention can be used to raise antibodies, either in subjects for 
which protection against infection by HPV is desired, i.e., vaccines, or to heighten the 

25 immune response to an HPV infection already present. The VLPs of the invention can 
be injected into animal species to obtain antisera useful in diagnosis. In addition to 
polyclonal antisera, monoclonal antibodies can be obtained using the methods of Kohler 
and Milstein, or by modifications thereof, by immortalizing spleen or other antibody- 
producing cells from injected animals to obtain antibody-producing clones, i.e., 

30 hybridomas. 
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The anuboaUs obtained b. W £o. d.agno.. of HPV infalon in cerv.ca, 
biop.es or Papanicolaou sn,.a. and in as.«sins d.sease levels .n humans or other 
sub^crs. In parx.cular, dra,nosU using .he annbod.es of the — pernuts 
1 itorms the evolution of the disease. The antibodies can be used .n analysrs of 
::: : Itect the vims, as .e„ as to monitor the process of therap, ..th antrvrra. 
or other therapeutic agents directed to control of the infection or car.non,a. The 

of antibodies raised against HPV in the se„nt of patients 

— or to ftrate the sera of patren. ^::^:::^-L. 

The \a.Ps of the invention can be directly aaimn , , • j 

•u A- monne^ et al 1992, cited elsewhere herein; and 
°' ::;!rr:hich ■«fe.e:ces are hereb, incorporated b. 

T " trc::::^:^' — . a^ai^t HPV o. if the patle^ is alread. 
reference), to conter eitner p appHcations, the VLPs 

" - ""^ °7.rO rnZl VI.S II be conjugated to an 

.mmunogemcty confernng ^^^^ ^.^^ 

neutral. Depending on the use required, the VLPs the 
serve as type specific or broad range vacdnes and diagnostics. 

vSs which are to be adnunistered a. vaccines can be formulated accor^ng to 
conventional and/or future methods for such administration to the sub,ea to be 

tected and can be mixed with conventional adiuvants. The peptide expressed ^ be 
: as an immunogen in subunit vaccine formulations, which '^^^^^ 

purified VLPs shouia , Suitable adjuvants include, but are not 

'^""iXre: — -xl!: surface Live substances such as 
;::elr::X;* Pol.anions, pe^lde. oil emulsion, and potential, useful 
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human adjuvants such as BCG (Bacille Calmette-Guerin) and Comebacterium parvum. 
The immunogen may also be incorporated into hposomeSj or conjugated to 
polysaccharides and/or other polymers for use in a vaccine formulation. Many methods 
may be used to introduce the vaccine formulations described above; these include, but 
5 are not limited to, oral, intradermal, intramuscular, intraparitoneal, intravenous, 
subcutaneous and intranasal routes. If they are to be used directly, as diagnostic 
reagents, they are purified using conventional methods and packaged accordingly for 
such use. If they are to be used to produce antibodies for diagnostic purposes, 
convenient test animals can be used to prepare the appropriate antisera. Suitable hosts 
10 include mice, rats, rabbits, guinea pigs, or even larger mammals such as sheep. The 

antibodies can be used therapeutically so long as they are compatible with the host to 
be treated. Monoclonal antibodies having the proper species characteristics are preferred 
for this application. 

The following Examples are provided to further illustrate the present invention, 

15 

EXAMPLE I 
Methods 

1. HPV-11 Viral DNA And pVLllLl Baculovirus Transfer Vector 
Construction. 

20 HPV-11 genomic DNA was obtained from virus particles which were purified 

from experimentally induced athymic mouse xenografts as described by Rose et al., 
"Expression of the full-length products of the HPV-6b and HPV-11 L2 open reading 
frames by recombinant baculovirus, and antigenic comparisons with HPV-11 whole 
virus particles," 1990,/. Gen. ViroLy vol. 71, pp. 2725-2729, which disclosure is hereby 

25 incorporated by reference. The LI coding sequence was cloned by PGR amplification 
of purified genomic DNA, using primers designed to introduce BgUI and £coRI 
restriction enzyme sites at the 5' and 3' ends, respectively. The forward and reverse 
primer sequences, respectively, were, 5'-CGC AGA TCT ATG TGG CGG CCT 
AGC-3'and 5'- CAT AT G AAT TC C CAC AAC ACA CTG AGA GAG-3\ 

30 Restriction sites (underlined) were introduced proximal to the putative LI start codon 
(bold text), and approximately 30 nucleotides downstream from the putative LI stop 
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codon by primer-directed mutagenesis. Amplification was performed essentially as 
described by Bonnez et al., "Amibody-mediated neutralization of human papdlomayirus 
type 11 (HPV-11) infeaion in the nude mouse: Detemon of HPV-11 mRNAs by the 
polymerase ch.n reaaion," 1992,/. H D^s., vol. 165, pp. 576-380, which disclosure .s 
5 hereby incorporated by reference, using 500 ng of each primer and 2 umts of Ta, DNA 
polymerase (Amplitaq, Perkin-Elmer Cetus Corp., Norwalk, CT). After amplification, 
the PCR product was digested with 5g/II and £coRI. The 1539 base pair (bp) d.gest.on 
product, which contained the entire HPV-11 LI open reading frame (ORF), was 
purifted by agarose gel electrophoresis as described by Rose et al., "Expression of the 
10 full-length products of the HPV-6b and HPV-11 L2 open reading frames by 

recombinant bacuWirus, and antigenic comparisons with HPV-11 whole y.rus 
particles," 1990, /. Gen. Virol., yol. 71, pp. 2725-2729. which disclosure is hereby 
incorporated by reference, and cloned into the corresponding sites of a baculoyirus 
transfer yeaor. pVL-1392 (M-D. Summers, Texas A&M Uniyersity. College Station, 
15 ™ The resulting construct, pVLllLl, was used to co-transfect Sf-9 cells with 

Au^crapha califormca nuclear polyhedrosis yirus (AcNPV) genomic DNA according to 
the methods of Summers et al., >4.nu.l of Methodr for T^.n.loyims Vectors and 
T,„^ r„l.„.. Procedures, 1987, Texas A&M Uniyersity, College Station, Texas, 
which disclosure is hereby incorporated by reference. Recombinant baculoyiruses were 
20 recoyered by yisual examination and seleaion of occlusion-negatiye (occ-) plaques, and 
were subjected to two further rounds of plaque-purification according to the methods 
of Summers et ^ nf Method, for T^.n.loyiru^ Vertors and Insect Cell 

Procedures. 1987. Texas A&M Uniyersity. College Station, Texas., which 
disclosure is hereby incorporated by reference. Protein expression from isolated yirus 
25 stocks was determined by Western blot. 

. cT.Q.PAr,F. An d ^^"'^'^^^ ^'"t Detection Of Recombinant T.l Expression 
Tn Sf-9 Cells . 

Infected Sf-9 cell cultures were grown in 150 cm^ tissue culture flasks and 
30 prepared for analytical SDS-PAGE and Western Blot assay. Non-recombinant or 
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recombinant Ll-infected cells were collected from flasks by resuspending with a pasteur 
pipet, and equal numbers of wild-type or recombinant Ll-infected cells were centrifuged 
at 500 X g for 10 minutes at 4°C. Supernatants were removed and cell pellets were 
transferred to ice, immediately resuspended in 1 ml lysis buffer (30 mM Tris, pH 7.6; 10 
5 mM MgCl2; 1 mM CaCl2; 1 mM phenylmethylsulfonyl fluoride (PMSF); leupeptin (10 
/xg/ml); 1% NP-40) and allowed to stand at room temperature for 15 minutes with 
periodic vortexing. After centrifugation at 500 x g for 2 minutes at 4®Cj the NP40- 
soluble fraction contained in the supernatant was removed and diluted 1:1 with 2X 
Laemmli sample buffer as described by Laemmli, "Cleavage of structural proteins during 

10 the assembly of the head of the bacteriophage 74," 1970, Nature, vol. 277, pp. 680-685, 
which disclosure is hereby incorporated by reference, and heated to 95°C for 3 minutes. 
The NP40-insoluble pellet (containing nuclear material) was washed once with cold PBS 
(ImM PMSF: 10 jLtg/ml leupeptin) and solubilized by boiling and vortexing in IX 
Laemmli buffer. Samples were electrophoresed in 10% SDS polyacrylamide gels, 

15 followed by Coomassie-blue staining (Fig. 1, panel A) or blotting (Fig. 1, panel B) to an 
Immobilon-P membrane (Millipore Corp., New Bedford, MA) as described by Rose et 
al., "Expression of the full-length products of the HPV-6b and HPV-11 L2 open reading 
frames by recombinant baculovirus, and antigenic comparisons with FIPV-11 whole 
virus particles," 1990,/. Gen. ViroL, vol, 71, pp. 2725-2729, which disclosure is hereby 

20 incorporated by reference. 

3. Preparation Of Non-Recombinant And Recombinant LI Stock Solutions . 
These assays were performed using dilutions of clarified (high-speed) supernatant 
stock solutions prepared from extracts of either AcNPV or AcllLl-infected insect cells. 
25 Suspension cultures (100 ml) of Sf-9 cells infected either with AcNPV or AcllLl at an 
approximate multiplicity of infection of 10 plaque forming units per cell were incubated 
at 27'^C for 72 hours. Cultures were then centrifuged at 1,000 x g for 10 minutes at 4°C 
and cell pellets were resuspended in 20 ml homogenization buffer (lysis buffer with 1 M 
NaCl) and homogenized with 50 strokes in a Dounce homogenizer on ice. 
30 Homogenates were transferred to cold 30 ml screw-cap Corex tubes and centrifuged at 



PCT/US94/02443 

WO 94/20137 

- 16 - 

3 000 X 6 for 10 minute at 4-C. Lowspeed supernatant fraaicns were then transferred 
to a clean tube and centrifuged at 100,000 x g for 30 minutes a, 4'C. Total protem 
concentrations of high speed supernatant fraaions were measured by 
spearophotometric absorption at 280 nm according to the procedure of Stoscheck. 
■Quantitatrcn of proteins." 1990, in M«hoduain.Bn2to vol. 182. p.54. Academic 
Press Inc New York, which disclosure is hereby incorporated by reference, and 
adjusted to equivalence with fresh homogenixation buffer (protein concentrat.ons 
approximately equal to 30 mg/ml). Glycerol was added to 10% (v/v) and stock 
solutions were aliquoted and stored at -20°C. 

A Western T^'^^i^ A.nd I mmnnodothlot Assays. 

Western blot and immunodotblot assays were used to determine linear and 
conformational epitope antibody specificities m rabbit antisera and human sera. The 
Western blot assays (Fig. 3, panel A, and Fig. 4) were performed using 2 ^1 (about 60 Mg 
, total protein) of recombinant Ll stock solution diluted 1:100 with IX Laemml, sample 
buffer, which contains protein denaturation reagents as described by Laemml. 
"Cleavage of structural proteins during the assembly of the head of the bacteriophage 
T4 " 1990. Nature, vol. 277. pp. 680-685. which disclosure is hereby incorporated by 
reference, and heated to 95=0 for 3 minutes. The denatured sample was loaded m a 
:0 sin<^le 100 mm wide sample well, elearophoresed in a lOo/o SDS polyacrylamide gel, and 
blotted to an Immobilon-P membrane. After blocking with a 2o/o BSA solution 
(Kirkegaard and Perry Labs, Inc., Gaithersburg, MD) for 2 hours at ^TC, the 
membrane was sliced into 24, 4 mm wide strips, each containing about 2.5 Mg total 
protein. Thereafter, the strips were probed with antisera (Fig. 3, panel A, and Fig. 4). 
25 For immunodotblot analysis, non-recombinant or recombmant Ll stock 

solutions were diluted 1:1,000 with cold PBS (1 mM CaCl^) and 100 ^1 aliquots 
(containing about 3.0 total protein) were dotted onto an Immobilon-P membrane. 
Protein denaturation reagents were omitted from the immunodotblot sample 
preparation to preserve the native conformation of recombinant Ll. Blocking, pnmary 
30 and secondary antibody diluent solutions, washes, and substrate used are as described by 
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Strike et al., "Expression in Escherichia coli of seven DNA segments comprising the 
complete Ll and L2 open reading frames of human papillomavirus type 6b and the 
location of the (common antigen)," 1989,/ Gen, ViroL, vol. 7C, pp. 543-555, which 
disclosure is hereby incorporated by reference. VximzTf antibody incubations were 
5 performed overnight at 4^0, second antibody incubations were done at room 

temperature for 90 minutes. For immunodotblots, all solutions except the substrate 
solution contained CaCl2 at 1 mM. Primary antibody dilutions were 1:2,000 for rabbit 
antisera and 1:1,000 for human sera. Specifically-bound antibodies were detected with 
affinity-purified anti-rabbit (Kirkegaard and Perr\^ Laboratories, Inc., Gaithersburg, 

10 MD), or anti-human (TAGO Immunodiagnostics, Burlingame, CA) IgG-alkaline 
phosphatase conjugates used at dilutions of 1:2,000 and 1:5,000, respectively, using 
BCIP/NBT (Kirkegaard and Perry Laboratories, Inc.) as substrate. Immunodotbiot 
reactions were assessed by visual comparison of non-recombinant and recombinant Ll 
dot intensities. A reaction was considered positive if the color intensity of the 

15 recombinant Ll dot was greater than the color intensity of the non-recombinant control 
dot present on the same strip. 

5. Antisera . 

The denatured Ll antiserum used was described previously as anti-pEX480 by 
20 Strike et al., "Expression in Escherichia coli of seven DNA segments comprising the 
complete Ll and L2 open reading frames of human papillomavirus type 6b and the 
location of the (common antigen)," 1989,/. Gen. Virol., vol. 70, pp. 543-555, which 
disclosure is hereby incorporated by reference. This antiserum was obtained by rabbit 
immunization with a gel-purified bacterially-expressed fusion protein that contained a 
25 160 amino acid sequence derived from the mid-region of the HPV-6b Ll open reading 
frame fused to the carboxy terminus of betagalactosidase, as described by Stanley et al., 
"Construction of a new family of high efficiency bacterial expression vectors: 
Identification of cDNA clones coding for human liver proteins," 1984, EMBO. /., vol. 
3, pp. 1429-1434; and Strike et al., "Expression in Escherichia coli of seven DNA 
30 segments comprising the complete Ll and L2 open reading frames of human 
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p.pmo.a.„s .^e and .He .oca.o„ of .he (c.n^on a„ci,e„) ," : S,,/ Gen.^.rol., 
Ll. 70, pp. which aUc.o..s a. he.b, income. ^.^^—2: al 

sequence contains .he papmon,av..s L. common an..g.n as descnbed S.nk « al 
■Expression in £.c*enc«. co. of seven DNA sepnen. compns.n, .he comp le. L. and 
U Ln reading frames of human papiUomavinrs .ype 6b and .he loca..on of .he 

■ V 1989 / Ge» M^i, vol. 70, pp. 543-555 which disclosure rs hereby 
b:tfe I' Thrrabbi. :hole v.™s panicle anriserum used was as 

nt -An..bod.media.ed neu.rah..ion of human papillomavirus 
e n (HPV-U) infecion in .he nude mouse. De.eaion of HPV.ll mKNAs by .he 
"ymerLe chain reacon," 19,.;. .f. n... voi. 1.5, pp. 37.3SO. whr^ rsdosure rs 
herlbv incorporared by reference, and produced by imr.un.z...on of rabbr.s w..h 
rified non denarured HPV-U virions; which were ob.amed from arhymrc mouse 
oresWin xenografrs accordrn, .o Bonne, e. al., ..An.ibody-media.ed -^'^ ^ 
Human papillomavirus .ype U (HPV-U) infecion in .he nude mouse: De.e«K,n f 
HPV-U .InAs by .he polymerase chain reaaion." 19,2./. D.., vo 165. pp. 
376-380; and Kreider e. al.. "Labora.ory producdon in vivo of infea.ous human 
papillomavirus .ype U." 198,,/ Vlroi, vol. 61, pp. 5,0-593. which ducU^sures are 
h! by incorpoLed by reference. Pa.ien.s. sera were ob.ained from .nd.v.duals w..h 

b psy-provl condyloma acumina^m. Serum specimens previously found posr..ve by 
biopsy proven c y ^ ^ _ ^^^^ 

HPV-U whole virus pamcle-based ELlbA as oescrroe , 

... ■„ ruSA .o de.ec specific antibodies m humans wi.h 
papillomavirus type 11 virions m an ELISA .o ae.ec. sp ,_. ^ ,. , 

. ,091 r Vird vol 72, pp. 1343-1347, which disclosure is 
condyloma.aacumma.a,' 1991,/ Got. n™i.,voi. /APP 

hereby incorporared by reference, were used .omaximi^ .he ab.li.y.ode.ec 

.bodies diced agains. VLPs. Con.rol sera were obrained from nuns who professed 
no liferime sexual conraa. These sera were negarive for HPV-U an..bodies as 
derermined by .he HPV-U par.icle-based EUSA as described by Bonne, e. ^ Use 
human papillomavirus .ype U virions in an EUSA .o de.ea specie an..bo les m 
humans wi.h condylomata acuminata," 19,1,/ Gen. Virol., vol. 72, pp. 1343-1347, 
which disclosure is hereby incorporated by reference. 
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6. Production and Purification of HPV-11 LI Virus-like Particles . 
Recombinant VLPs were purified directly from the cell-free culture supernatant 
of AcllLl-infected Sf-9 cell suspension cultures by a series of low and high speed 
centrifugation steps. Infected Sf-9 cells were pelleted from a 200 ml suspension culture a 
5 low speed (1,000 x g) and the cell-free supernatant was centrifuged again at high speed 

(100,000 X g) for 90 minutes at 4°C. The high-speed pellet was resuspended in buffer A 
(50 mM Tris, pH8.0; 1 M NaCl: 10 mM MgCi2; 10 mM CaCl^; 2 mM 
phenylmethylsulfonyl fluoride (PMSF); 10 /xg/ml Leupeptin), 5.2 g solid CsCl were 
added, and the final volume was adjusted to a total of 13 ml with fresh buffer A (0.4 

10 g/ml final concentration). After centrifugation (100,000 x g, 22 hours, 10°C), the single 
band obtained was removed and diluted with 12 ml of fresh buffer A (without CxCI) 
and centrifugal again (100,000 x g, 90 minutes, 4°C) to pellet purified VLPs. VLPs 
purified by sucrose density gradient centrifugation were identified by electron 
microscopy after staining with 2% neutral buffered phosphotungstic acid (Figs. 2, 6, 

15 and 7). 

EXAMPLE II 
Expression And Immunologic Detection Of 
Recombinant HPV-11 LI Protein In Sf-9 cells 

20 SDS-PAGE analysis of total Sf-9 cell proteins from insect cells infected with the 

recombinant virus AcllLl demonstrated a novel 55 kD protein seen by Coomassie-blue 
staining in AcllLl-infected cells (Fig. lA, lane 3). With reference to Figures 1 (A and 
B), Fig. lA shows Coomassie-stained SDS polyacrylamide gel of wild-type AcNPV and 
recombinant AcllLl-infected Sf-9 cell lysates and Fig. IB shows Western blot of 

25 wild-type AcNPV and recombinant AcllLl-infected Sf-9 cell lysates probed with a 
rabbit polyclonal antiserum specific for the HPV LI common epitope. 
Non-recombinant (lanes 1,2) and recombinant Ll-infected (lanes 3,4) Sf-9 cell lysates 
were fractionated into insoluble (lanes 1,3) and soluble (lanes 2,4) fractions, and 
electrophoresed on 10% polyacrylamide gels. Molecular reference (M^) markers are 

30 displayed at the left, and the arrow at the right indicates the approximate position of 
recombinant Ll (about 55 kD M^). This protein is not present in wild-type AcNPV 
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tysaces. and co-migra^es with a protein that Is itnmunoreactive (F.g. IB. la„« 3 and 4) 
with a rabbit antiserum prepared against the linear HPV LI common anttgen as 
described bv Strike et al., "Expression in Escherichia col, of seven DNA segments 
compnsin. the complete LI and L2 open reading frames of human paprllomavrus type 
5 6b and the location of the (common antigen)," 1989, / Gen. Virol.^ vol. 70. pp. 543-o55, 
which disclosure is hereby incorporated by reference. Lower M. Ll.imrnu„oreact.ve 
bands were also deteaed and may be derived from degradation of the full-length LI 
product (Fig. IB. lanes 3 and 4). Although the predominant portion of LI produced m 
this system appeared in the NP40-insoluble fraaion, approximately 25-30% was presem 
10 in the NP40-soluble fraction (Fig. IB, lane 4). Maximal LI accumulation occurred at 72 
hours post-infection. 

T-V AMPLE m 
Plprtron mj ''fr.«!ro pic yi ^^^H^^tinn of VLPs 

15 Elearon micrographs of negatively stained preparations of sucrose banded VLPs 

(Figs 2 6, and 7) showed distina VLPs. Fig. 2 shows HPV-U capsid-like parttdes 
which were presem at the 50-60% interface of the sucrose density gradient. Frg. 6 
shows HPV type 6b (HPV-6b) capsid-like particles which resulted from the expression 
of the HPV-6b LI coding sequence in the baculovirus system, and which were purged 
20 in exactly the same manner. Fig. 7 demonstrates that this method is also suitable for 
the production of HPV type 16 (HPV-I6) VLPs, upon expression of the HPV-16 LI 
coding sequence. Figs. 12 & 16 demonstrate that VLPs can be purfied by cestum 
chloride density gradient centrifugation as well. Particle diameters determined by dtrect 
measurement of the VLPs in Figure 2, were approximately 52 nm. This measurement rs 
25 consistent with the diameter of isolated papillomavirus virions as described by Klug et 
al -Structure of vimses of the papilloma-polyoma type I. Human wan vrtts," 1965. /. 
Mol. Bid. vol. U, pp. 403-423. which disclosure is hereby incorporated by reference. 

EXAMPLEJY 

,Q T ,.or..rtivitv Of HPV-11 VTP.Contamins 
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The immunologic properties of the recombinant Ll protein were studied using 
rabbit antisera that reacted with native or denatured Ll protein epitopes. Rabbit 
antiserum pEX480. directed against the common papillomavirus antigen, reacted well 
with denatured recombinant Ll in Western blot assays, but did not react with the same 
5 antigen preparation by immunodotblot, a type of immunoassay in which the antigen is 
placed on the blotting membrane under non-denaturing conditions (Fig. 3, compare 
strips A). In contrast to the pattern of reactivity exhibited by anti-pEX480, the rabbit 
polyclonal antiserum raised against HPV-11 whole virus particles did not react with 
recombinant Ll by Western blot, but reaaed strongly with recombinant Ll in the 

10 immunodotblot assay (Fig. 3. compare strips C). This reactivity was specific as 

demonstrated by lack of reactivity in the post-immune serum against the native non- 
recombinant control preparation (Fig. 3, panel B, strip C). Rabbit antiserum pEX215 
was included in these immunoassays to allow comparison of the relative amounts of Ll 
present in the two types of immunoassays. The level of immuno reactivity of the 

15 pEX215 antiserum with recombinant Ll in both formats is roughly equivalent (Fig. 3, 
strips B), indicating that the amounts of Ll present are approximately equal. 
Furthermore, the observation that this antiserum is able to react with Ll in both 
formats suggests that the linear immunoreactive Ll amino-terminal epitope(s) recognized 
by the pEX215 antiserum is not obscured by the adoption of higher-order Ll 

20 conformation. 

EXAMPLE V 
Immunoreactivity Of VLP-Containing 
Insect Cell Extracts With Human Sera 

25 To determine the prevalence of antibodies in human sera directed against linear 

versus conformational epitopes, sera obtained from individuals with biopsy-proven 
condyloma acuminatum were evaluated in Western blot and immunodotblot assays 
using VLPs as antigen. None of the patients' or control sera were immunoreactive with 
denatured recombinant Ll by Western blot (Fig. 4, strips D-O (patients) and P-X 

30 (controls)). Conversely, 11 of 12 patients' sera (Fig 5, strips D-O were read as positive, 
with the exception of strip H) and 0 of 9 control sera (Fig. 5, strips P-X) were 
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i„„u„or.acuv. with recombinant LI by .mmunodctblot, . highly st«isueally 
s.,n,fican. di«e.nce (p - 7 . ia>; Fisher, exaa tesr). This result correlates ^dl w.rh 
results previouslv obtained usmg the same sera in an HPV-ll parx-cle-based ELISA as 
described by Bonnez et al., "Use of human papilbmavims type 11 yinons m an EUSA 
5 to detect specific antibodies in humans with condylomata acuminata,' 1991, /. Gm. 
Virol., vol. 72, pp. 1343-1347, which disclosure is hereby incorporated by trference. 

UTISA Assay 

10 CsCl-purified VLPs were quantitated by spearophotometer (A,J and diluted to 

a concentration of 8 ng/ul in cold PBS. Aliquots (100 .1) of either PBS or diluted VLP 
solutron (800 ng total protein) were loaded mto wells and plates were allowed to .and 
at 4°C overnight. Plates were blocked for 2 hours at room temperature w.th a 1 * BSA 
solution, followed by the addition of antisera, in duplicate, at a dilution of 1:100. 
15 Prunary antisera were reacted at room temperature for 90 minutes. Plates were washed 
four times and secondary antibody (goat anti-Human IgG-alkaline phosphatase 
conjugate) was added (TAGO, 1:5000) and plates were allowed to stand at room 
temperature for 90 minutes. Substrate was added to each well and absorbance at 405 
„m was read. Specific absorbance was calculated by subtraaing the PBS absorbance 
20 from the VLP absorbance for each replicate, and taking the average absorbance value. 

The results obtained using VLPs (Fig. 8) were equivalent to results previously 
reported in an ELISA test of the same sera (from RRP patients), which used HPV-U 
whole virus partides as antigen (50%). Good correlation with results from a previous 
whole virus particle-based EUSA is given in Fig. 9 (ri-0.75). 

25 

AMPLE Vn 

\yr^ctPrn Klot anH TmnnnnodQtblot 

Sf-9 suspension cultures (100 ml) were infected with either AcNPV (non- 
recombinant control), AcULl, or AcULl recombinant baculoviruses as previously 
30 described by Rose et al., 1993, /. Virol.. voL 67, pp. 1936-1944, which disdosure is 

hereby incorporated by reference, and incubated 72 hours at 27=C. With reference to 
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Figure 11, samples were prepared, electrophoresed, and immunoblotted as previously 
described by Rose et al., 1993,/. ViroL, vol. 67, pp. 1936-1944; and Rose et al., 1990,/ 
Gen, Virol. , vol. 71, pp. 2725-2729, which disclosures are hereby incorporated by 
reference. VLPs were present in both sample preparations, as verified by electron 
5 microscopy (data not shown). Total sample protein concentrations were equilibrated 
prior to use by spectrophotometer (Ajgo). 

With reference to Figure 10(a), samples (20 fxg total protein/lane) were 
electrophoresed in a 10% SDS-polyacrylamide gel and Western blotted overnight as 
previously described by Bonnez et al., 1992,/ Inf. Dis,, vol. 165, pp. 376-380, which 

10 disclosure is hereby incorporated by reference. The nitrocellulose blot was probed with 
rabbit antiserum R5-409, used at a dilution of 1:1000 as described by Christensen et al., 
1991, Virus Research, vol. 21, pp. 169-179, which disclosure is hereby incorporated by 
reference. As shown in Fig. 10(a) ( left panel), recombinant HPV-11 LI (lane 2) and 
recombinant HPV-16 LI (lane 3) proteins were detected in approximately equal 

15 amounts by anti-papillomavirus LI common epitope antiserum R5-409. The predicted 
amino acid sequence of the HPV-16 LI protein is five amino acids longer than the 
predicted sequence of the FJPV-ll LI protein, which is consistent with the slightly 
slower rate of migration exhibited by the recombinant HPV-16 LI protein. 

With reference to Figure 10(b), samples were diluted (two-fold serial dilutions 

20 made with PBS) and applied to nitrocellulose under non-denaturing conditions, 

beginning with a total protein concentration of 25 /zg (bottom), and ending with a total 
protein concentration of 25 ng (top)). Rabbit antiserum R-366 was used at a dilution of 
1:1000. In the right panel (i.e., the immunodotblot), the whole virus particle antiserum 
detected the native recombinant HPV-11 LI VLP preparation over a 1000-fold dilution 

25 range. However, this same hyperimmune rabbit antiserum was not immunoreactive 
with the native recombinant HPV-16 LI VLP preparation, even at a higher 
concentration of antigen (25 ^g) than that used for analysis by Western blot (20 ^tg). 

The hyperimmune rabbit native HPV-11 virion neutralizing antiserum did not 
cross-react with native HPV-16 LI protein, suggesting that the conformational epitope(s) 
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of the HPV-11 capsid that is recognized by this antisemm is immunologically distinct 
from conformational epitopes present in the HPV-16 VLP preparation. 

PVAMPTX VIII 
Western Irnmunoblo t Assay 

VLPs were detected in, and purified directly from, the supernatant medium of an 
AcULl-infected Sf-9 cell suspension culture (200 ml). Cells were pelleted at low speed 
COCO X g) and the cell-free supernatant was then centrifaged at high speed (100,000 . g). 
Cells were removed by low speed centriftrgation (1000 x g), and VUs were prepared 
from culture supernatants as previously described in Rose et al. m "Human 
papUlomavirus type U (HPV-ll) vinrs-like panicles (VLPs) induce the tormatton of 
neutrdrzing antibodies." (Submitted for publication) 1993., which disclosure ts hereby 
incorporated by reference. Panel A is a 10% SDS-polyacrylamide gel statned wth 
coomassie blue. Panel B is a western immunoblot of an identically loaded gel. probed 
with a rabbit antiserum specific for the HPV common antigen as descnbed by Strie et 
al 1989 J. Gen. Virol., vol. 70, pp. 543-555, which dUdosure is hereby incorporated by 
reference, used at a dilution of 1:1000. Examinations of the high-speed peUets obtained 
from non-recombinant or recombinant Ll-infected Sf-9 cell culture supernatants 
indicated the presence of VLPs in the recombinant Ll-infected supernatant fract.on. 
The resuspended recombinant LI high-speed pellet was purified by equilibrium denstty 
gradient centrif^gation as previously described in Bonne, et al., 1992. / H. Cis.. vol. 
165 pp 376-380, which disclosure is hereby incorporated by reference. The single band 
obtained by this method was removed with a sterile 18 gauge needle, diluted with fresh 
buffer A (50 mM Tris, pHS.O; 1 M NaCl; 10 mM MgCU; 10 m M CaCU, 2 mM 
phenylmethylsulfonyl fluoride (PMSF); 10 ^g/ml Leupeptin) to a volume of 12 ml. and 
again centrifuged at 100,000 x g for 90 minutes at 4'C. After resuspenslon of the pellet 
in 0 5 ml of fresh buffer A (50% glycerol), electron microscopic analysU of a portion of 
the sample, negatively stained with 2% phosphotungstic acid, confirmed the presence of 

intact HPV VLPs (Fig. 12). 

As previously described, recombinant VLPs were immunoreaatve wtth 
antibodies directed against HPV-U whole virus panicles. (See Rose et al., 1993, /. 
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Virol, ^ vol. 67, pp. 1936-1944, which disclosure is hereby incorporated by reference.) In 
this study, applicants immunized rabbits with purified VLPs and tested the post- 
immune sera for immunoreactivity with whole virions. New Zealand white rabbits 
were immunized intramuscularly at two sites with a 1:1 emulsion of purified VLPs 
5 (---20 protein) in complete Freund's adjuvant (0.25 ml per site). Boosts were given 
after 30 days with a VLP emulsion prepared in incomplete Freund's adjuvant, and 
immune sera were collected 14 days later. Sera were reacted with either native FIPV-11 
virions or recombinant \rLPs in a dotblot immunoassay, as previously described in Rose 
et al., 1993, /. ViroL, vol. 67, pp. 1936-1944, which disclosure is hereby incorporated by 

10 reference. The immunologic cross-reactivity of anti-\T[-P antibodies with whole virions, 
as shown in Figure 13, demonstrates that VLPs are immunogenic, and appear to 
faithfully replicate the antigenic profile of infectious HPV-11 virions. With reference to 
Figure 13, non-denatured purified sample preparations were applied to nitrocellulose as 
described by Rose et aL, 1993,/. ViroL, vol. 67, pp. 1936-1944, which disclosure is 

15 hereby incorporated by reference. 

EXAMPLE IX 
Neutralization Activity 

The preparation of the infection HPV-llj^^rshey viral suspension (originally 

20 provided by John Kreider, Department of Pathology and Microbiology and 

Immunology, The Milton S. Hershey Medical Center, Hershey, PA.) has been described 

by Bonnez et al., 1992,/ Inf Dis., vol. 165, pp. 376-380, which disclosure is hereby 

incorporated by reference. In four parallel experiments, 450 of the infecting viral 

suspension (batch 4/90) were incubated at 37°C for 1 hour with 50 fx\ (1:10 final 

25 dilution) of either pre-immune anti-HP V-11 serum (group 1), post-immune anti-HP V-11 

serum (group 2), pre-immune anti-VLP serum (group 3), or post-immune anti-VLP 

serum (group 4). Groups 1 and 2 were neutralization controls that have described 

previously by Bonnez et al., 1992,/. Inf Dis., vol. 165, pp. 376-380, which disclosure is 

hereby incorporated by reference., and groups 3 and 4 were the test groups. The 

30 preparation of human foreskins excised for routine circumcision has also been described 

by Bonnez et al., 1991, / Gen, ViroL, vol. 72, pp. 1343-1347, which disclosure is hereby 
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, i bv reference Foreskin, were cut inro 1 x 1 mm squares and small number 
:i — usea .ere snap .... sa.. TKe re .nm. 

7 rs were divided equallv into four groups, and each group was added to one of 
fragments were dmded q , ^^^^^^^ 

the four viral suspension-serum mixtures at tne en 

the tou ^ experimental group, one foreskin 

rairrrxi-r::- 

tragmentw p , -rALB/c background (Taconic Farms, 

A A x^Pf-k old athymic nu/nu mice on a BALB/c oacKgru v . , ,.rr 

4-6 week oia atn>ii" j:«»rpnt dav with a different 

. MY^ The experiment was replicated on a different da>,witn 

:~TH:r^. ell ex enmental group a total of U grafts were implanted. The 
were sacrificed U weeks after grafting, at which t^e the 

..processed. ^ 

::r;:=— ^^^^ 

ore-treated with either (1) pre-, and (2) post-immune rabbit HPV-U whole P 
pre-treateaw v ,,uu;. HP V-ULl virus-like particle sera. The 

(X\ nre- and (4) post-immune rabbit hi v iix-i r 
Tedll aL the fi.t replicate experiment, the open arcles to the second 

fiUed circles P ^ 

:::r:r:i:tr::n.ameter<oMo,wasc.cuw 

r u ^ ,rt of the length, width, and height of the recovered grafts. 

control r and post-immune ant,.HPV-X. treated groups. Thus the numher of grafts 
a Ih Jfor analysis in each of these groups was U (Tig. U). The » 
GMDs (mm) of the grafts in the pre- and post-immune control group ^ ^ 
2 9 [1 0 4.91 and 1.3 tl.O, 2.«. The difference, 1.6 mm, was sta^cal y significant (P 
: M J~ V test,. Ml U ^planted grafts were ava^aUe - 

. both the pre- and post-immune anti-VlP ^^^/^f ' J, TT 

[range] GMDs (in mm) of the grafts were respeaively 2.3 [1.3. 4.2^^ and W [1.0, .8]. 
xTelfference in si.e. 1.3 nun, was statistically significant (p < .0^. Although the 

in graft si.s between the first and second experiment w. not s.tisticaUy 
significant (P - 0.62) in the pre-immune group, it was significant (P - 0.007) 
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post-immune group. Therefore, applicants compared the differences in graft sizes 
between the pre- and post-immune anti-VLP antibody-treated groups within each 
replicate experiment. Both were statistically significant (P = 0.002 and P = 0.04. 
respectively for the first and second replicate). 

5 

EXAMPLE X 
Source of Viral DNAs 

The source of HPV-11 genomic DNA (Bonnez et al., 1991, /. Gen, ViroL, vol. 

72, pp. 1343-1347, which disclosure is hereby incorporated by reference) and 

10 construction of the AcllLl recombinant baculovirus (Rose et al., 1993,/. ViroL, vol. 67, 
pp. 1936-1944, which disclosure is hereby incorporated by reference) have been 
described. The HPV-16 genomic sequence was recovered from a QJN III lesion and 
standard cloning methods were used to construct the Acl6Ll baculovirus (Chesters and 
McCance, unpublished data). The HPV-18 LI sequence was amplified by polymerase 

15 chain reaction from the HPV-18 prototype (provided by H. zur Hausen) and used to 
construct the AclSLl baculovirus by the same procedure used for the construction of 
AcllLl (Rose et al., 1993,/. ViroL, vol. 67, pp. 1936-1944, which disclosure is hereby 
incorporated by reference). 

20 EXAMPLE XI 

Purification of Recombinant VLPs 

Recombinant VLPs were purified as described by Rose et aL^ 1993, "Human 

papillomavirus type 11 (HPV-11) virus-like particles (VLPs) induce the formation of 

neutralizing antibodies and detect genital HPV-specific antibodies in human sera", in 

25 press, which disclosure is hereby incorporated by reference. Single bands containing 

purified HPV-U, HPy-16, or HPV-18 VLPs were removed from CsCl density gradients 
by syringe, diluted with buffer A (phosphate-buffered saline (PBS); 1 mM Mgclj; 1 mM 
CaCU; 1 mM phenylmethylsulfonylfluoride (PMSF)) to 12 ml, and sedimented at 
100,000 X g for 90 minutes at 4oC. Pellets were resuspended in 200 ^\ of buffer A 

30 containing 50% glycerol, quantitated by spectrophotometry (280 nm), and stored at - 
20OC. Recombinant LI proteins were analyzed by SDS-PAGE and Western blot 
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in^munoassay as previously described (Rose et al.. 1993,/. Vrrol, vol. 67, pp. 1936-1944, 
which disclosure is hereby incorporated by reference). Samples contammg . MS of 
purified HPV-U, -16, or -18 \a.Ps were elearophoresed, blotted, and probed with anti- 
papiUomavirus LI (anti-PVLl) common antigen rabbit antiserum as previously described 
5 (Strike et aU 1989, /. Gen. VWoL, vol. 70, pp. 543-555; and Rose et al., 1993, /. V^rol, 
vol 67 pp. 1936-1944, which disclosures are hereby incorporated by reference). 
Predicted coding capacities of the HPV-11, -16, and -18 LI open reading frames (ORFs) 
are 501 amino acids Partmann et al., 1986, V^rolo^', vol. 151, pp. 124-130. which 
disclosure is hereby incorporated by reference), 505 amino acids (Seedorf et al., 198d, 
10 Vrrolo^, vol. 145, pp. 181-185, which disclosure is hereby incorporated by reference), 
and 507 amino acids (Cole et al., 1987, /. MoL B^ol., vol. 193, pp. 599-608, which 
disclosure is hereby incorporated by reference), respectively, and an Ll-immunoreactive 
band of the expected size (-55 kD M.) appeared in each of the three sample preparations 
tested by Western blot immunoassay (Fig. 15). Lower molecular weight Ll- 
15 immunoreactive proteins were also deteaed by Western blot immunoassay of the CsCl- 
purified VLP preparations (Fig. 15), and are likely to be degradation products of full- 
length LI proteins, as relative amounts of these proteins varied in subsequent analyses 
(data not shown). However, the major -55 kD M^l-immunoreaaive bands m each of 
the samples did not var>^ either in their mobUities or their relative amounts (data not 
20 shown). Elearon microscopy of purified samples (negatively-stained with 2% 

phosphotungstic acid) confirmed VLP formation in HPV-U (Fig. 16A), HPV-16 (Fig. 
16B) and HPV-18 (Fig. 16C) VLP preparations. 

TV AMPLE XII 
Pr^ pi^ration ^^^rA.\t VT P Tmmune 
«NPra and ConHkions of the ELISA 
HPV-11, HPV-16, and HPV-18 LI VLP rabbit immune sera were prepared by 
immunizing two New Zealand white rabbits imramuscularly at two sites with each of 
the VLP preparations (i.e., six rabbits were immunized), using previously described 
30 methods (Bonnez et al, 1992, J.Infea. Dis., vol. 165, pp. 376-380; Rose et al., 1993, /. 

Virol vol. 67, pp. 1936-1944, which disclosures are hereby incorporated by reference). 
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Rabbit anti-PVLl common antigen (Strike et aL, 1989,/. Gen.ViroL, vol. 70, pp. 543- 
555, which disclosure is hereby incorporated by reference), HPV-11 whole virion 
(Bonnez et al., 1992, JJnfect. Dis., vol. 165, pp. 376-380, which disclosure is hereby 
incorporated by reference), and HPV-11, -16, and -18 VLP antisera were tested with 
ELISA against the three recombinant VLP preparations (Fig. 17). For this ELISA, 
purified VLPs were diluted to a concentration of 10 ng/ ^1 in PBS, and aliquots 
containing approximately 1 ^g of antigen or PBS alone were dispensed into alternate 
rows of 96-well ELISA plates. The conditions of the assay were exactly as previously 
described (Rose et aL, 1993, "Human papillomavirus type 11 (HPV-11) virus-like 
particles (\^LPs) induce the formation of neutralizing antibodies and detect genital fiPV- 
specific antibodies in human sera", in press, which disclosure is hereby incorporated by 
reference), except primary antisera were pre-absorbed with non-recombinant (AcNPV) 
baculovirus-infected Sf-9 cell lysate diluted in blocking solution (2%v/v) prior to testing. 
All antisera were tested in duplicate, on numerous occasions, at dilutions ranging from 
1:1000 to 1:128,000. Absorbance values for all of the rabbit anti-VLP antisera shown in 
Figure 17 were obtained at the optimal dilution for these antisera of 1:16,000. 
Absorbance values for the anti-PVLl common antigen and HPV-11 whole virion rabbit 
antisera were obtained at lower dilution (1:1,000). Specific absorbance values were 
determined by subtracting control values (PVS wells) from experimental values (antigen- 
containing wells) for each replicate, and mean (405 nm) absorbance values were 
determined. 

EXAMPLE XIII 
VLP ELISA 

VLPs were tested in ELISA immunoassay to assess their ability to detect specific 
antibodies in patients' sera, and the results were compared with results previously 
obtained using the same sera in an FIPV-11 whole virion ELISA immunoassay (Bonnez 
et aL, 1993, /. Med. ViroLy vol. 39, 340-344, which disclosure is hereby incorporated by 
reference). The antigen was diluted in phosphate-buffered saline (PBS) to give an 
amount equivalent to that of the amount used in the previous whole virion ELISA 
(Bonnez et aL, 1993, /. Med, Virol, , vol. 39, 340-344, which disclosure is hereby 
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incorporated by reference), and either the antigen solution or PBS without any antigen 
was aliquoted into alternate rows of 96-well plates. After coating for 16 hours at 40C, 
these solutions were aspirated and wells were blocked with diluent/blocking solution- 
(Kirkegaard and Perry Laboratories, Inc., Gaithersburg, Iv4D) at room temperature for 2 
5 hours. A total of 59 human sera (43 patients, 16 controls) previously tested by HPV-11 
whole virus particle EUSA (Bonnez et d., 1993, /. Med. VzroL, vol. 39, 340-344, which 
disclosure is hereby incorporated by reference) were diluted 1:100 in diluent/blocking 
solution and 100 ^1 aliquots were added to wells treated either with PBS alone or with 
antigen solution (two replicates per serum sample). Plates were incubated at room 
10 temperature for 90 minutes, and then washed four times (wash solution, Kirkegaard and 
Perr>' Laboratories, Inc., Gaithersburg, MD). Anti-human IgG-alkaline phosphatase 
conjugate (100 ii\ aliquots, diluted 1:5000, TAGO, Burlingame, OA), was added to each 
well and plates were incubated at room temperature for 90 minutes. Plates were 
washed four times and developed with alkaline phosphatase substrate (p-nitrophenyl 
15 phosphate in diethanolamine buffer). Specific absorbance at 405 nm for each serum 

sample was calculated by subtracting the value obtained from the PBS-treated well from 
the value obtained from the antigen-containing well for each replicate and mean 
replicate differences were calculated. In the whole virion ELISA discussed elsewhere 
herein, 42 patents' sera was analyzed (and 20 control sera) for changes in capsid 
20 antibody levels during the course of treatment (Bonnez et aL, 1993, /. Med. Virol., vol. 
39, 340-344, which disclosure is hereby incorporated by reference). All sera tested in 
the present ELISA study were collected at entry into the previous study. One of the 
patents' sera analyzed in the previous study were subsequently excluded for reasons 
related to treatment outcome and not to the results of the immunoassay. However, 
25 because the absorbance value of this serum was available, the serum was included in the 
present assay, which increased the number of patents' sera analyzed in the present 
ELISA study to 43. The number of control sera analyzed was reduced from 20 to 16 
for logistical considerations pertaining to the assay. 

The median [range] seroreactivity of the 16 control sera, expressed as an OD 
30 value, was 0.005 [-0.029, 0.025], compared to 0.024 [-0.063, 0.512] for the 43 patients' 
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sera, a statistically significant difference (P = 0.01; Mann-Whitney U test). Using the 
highest OD value in the control group as a cut-off, the sensitivity of the assay was 49% 
(P = 2 X 10-^-; Fisher's exact test). Therefore, the HPV-11 VLP ELISA was able to 
discriminate between patients with condyloma acuminatum and controls. In addition, 
5 there was excellent correlation (Pearson's product-moment r=0.87; P < 10*^) between 
sample seroreactivities with the HPV-11 VLP ELISA and the HPV-11 virion ELISA 
when all sera were included, or when only the 21 sera positive by HPV-11 VLP ELISA 
were considered (r = 0.87; P < 10'^). 

10 RESULTS 

Immunologic observations suggest that recombinant LI adopts a native 
conformation. The rabbit antiserum raised against the denatured Ll common antigen 
was immuno reactive only with denatured recombinant Ll (i.e., by Western blot), 
whereas the rabbit antiserum raised against non-denatured whole virus particles reacted 

15 only with non-denatured recombinant Ll (i.e., by immunodotblot). Furthermore, 

human sera from condyloma acuminatum patients which were reactive with HPV-11 
virions in an ELISA according to Bonnez et al., "Use of human papillomavirus type 11 
virions in an ELISA to detect specific antibodies in humans with condylomata 
acuminata," 1991,/. Gen. ViroLy vol. 72, pp. 1343-1347, also reacted with non-denatured 

20 HPV-11 recombinant Ll (Figs. 4, 8 & 9). Therefore, it appears that the 

. conformational epitopes of the VLPs of the invention are similar to those present in 
native HPV-11 virions, which are recognized by the human immune system during 
natural infection. Several studies of papillomavirus serology demonstrate that 
conformational epitope antibody specificities are good indicators of papillomavirus 

25 infection (Bonnez et al., "Use of human papillomavirus type 11 virions in an ELISA to 
detect specific antibodies in humans with condylomata acuminata," 1991,/. Gen, ViroLy 
vol. 72, pp. 1343-1347; Bonnez et al., "Evolution of the antibody response to human 
papillomavims type 11 (HPV-11) in patients with condyloma acuminatum according to 
treatment response," 1991,/. Med, Virol. ^ 1991, in press; Bonnez et al., 

30 "Antibody-mediated neutralization of human papillomavirus type 11 (HPV-11) infection 
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in the nude mouse: Detection of HPV-11 mRNAs by the polymerase chain reaction," 
1992,/ Inf. Dis., vol. 165, pp. 376-380; Christensen et al., "Detection of human serum 
antibodies that neutralize infeaious human papillomavirus type 11 virions," 1992,/. 
Gen. Virol, vol. 73, pp. 1261-1267; Kienzler et al, "Humoral and cell-mediated 

5 immunity to human papillomavirus type 1 (HPV-1) in human warts," 1983, Br. J. 

Dermatol, vol. 108, pp. 665-672; and Steele et al., "Humoral assays of human sera to 
disrupted and nondisrupted epitopes of human papillomavirus type 1," 199C, Virology, 
vol. 174, pp. 388-398, which disclosures are hereby incorporated by reference). These 
specificities can also play a significant role in viral pathogenesis. For instance, a rabbit 

10 antiserum directed against whole HPV-11 particles neutralizes HPV-11 infectivity 

(Bonnez et al., "Antibody-mediated neutralization of human papillomavirus type 11 
(HPV-ll) infection in the nude mouse: Detection of HPV-11 mRNAs by the 
polymerase chain reaaion," 1992,/ Inf. Dis., vol. 165, pp. 376-380; and Christensen et 
al, "Antibody-mediated neutralization in vivo of infectious papillomavirus," 1990,/. 

15 Virol, vol. 64, pp. 3151-3156). Furthermore, Christensen et al., "Detection of human 

serum antibodies that neutralize infeaious human papillomavirus type 11 virions," 1992, 
/. Gen. Virol, vol. 73, pp. 1261-1267, using human sera reported a correlation between 
anti-whole HPV-11 virion antibody and serum neutralizing activity. Detection of such 
antibodies with the recombinant LI VLPs of the present invention can have diagnostic 

20 and functional significance. 

When taking into account construction of the recombinant baculovirus, some of 
the early recombinant baculoviruses applicants constructed had the correct LI coding 
sequence, but were not producing deteaable levels of LI proteins. This caused 
applicants to look at the 3' untranslated regions of the HPV-11 and several other HPV 

25 LI coding sequences. It was determined that a pentanucleotide mRNA degradation 

signal sequence, AUUUA, (Shaw G. and Kamen R., "A conserved AU sequence from 
the 3' untranslated region of GM-CSF mRNA mediates selective mRNA degradation," 
Cell 1986, vol. 46, pp. 659-67; Cole MD. and Mango SE., "cis-acting determinants of 
c-myc mRNA stability," 1990, Enzyme, vol. 44, pp. 167-80; Shyu AB et al., "Two 

30 distinct destabilizing elements in the c-fos message trigger deadenylation as a first step in 
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rapid mRNA decay," Genes & Development, 1991, vol. 5, pp. 221-31; Savant-Bhonsale S. 
and Cleveland DW., "Evidence for insrability of mRNAs containing AUUUA motifs 
mediated through translation-dependent assembly of a : 20S degradation complex," 
Genes & Development, 1992, vol. 6, pp. 1927-375 which disclosures are hereby 
5 incorporated by reference) was within 30 nucleotides of the stop codon of the HPV-11 
LI coding sequence, and in addition, the other HPV types looked at had the AUUUA 
sequence in the vicinity of the LI stop codon as well. If this sequence were removed, 
or a mutation introduced, that the expression level of the LI protein could be increased. 
Therefore, PGR primers to amplify the Ll coding sequence from HPV-11 genomic 

10 DNA which not only incorporated restriction enzyme sites for cloning, but also 

mutated the AUUUA pentanucleotide sequence 30 nucleotides downstream from the Ll 
stop codon as well were designed. Scaleup of this clone produced extremely high levels 
of Ll protein. Reports using the BEVS system have given levels of recombinant protein 
production in the range of 300-500 mg/liter of cell culture. In the present invention, 

15 levels for recombinant Ll protein production were much greater, about 600-800 

mg/liter, possibly due to the removal of the Ll degradation signal sequence in the 3' 
untranslated region. 

These results show that, under similar experimental conditions, post-immune 
sera from rabbits immunized with HPV-11 VLPs can block HPV-11 infection of human 

20 tissue as effectively as sera obtained from rabbits immunized with HPV-11 whole 

virions. The blockage, which was not observed with the respective pre-immune sera, 
was associated with the absence of early viral gene expression. Therefore, the effect was 
consistent with classic viral neutralization, i.e., the prevention of virus penetration or 
decapsidation (Dimmock, 1993, Neutralization of Animal Viruses . Berlin: Springer- 

25 Verlag, which disclosure is hereby incorporated by reference). 

To provide confirmation of HPV-11 neutralization by analysis of viral gene 
expression, all grafts were analyzed for the presence of the HPV-11 El^E4 spliced 
mRNA transcript (data not shown), as previously described in Bonnez et al., 1992, /. 
Inf, Dis.j vol. 165, pp. 376-380, which disclosure is hereby incorporated by reference. 

30 The ErE4 mRNA was detected in 10/12 (83%) and 0/12 (0%) of the grafts from 
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10 



groups pre-treated with pre- or post-immune VLP sera, respectively (p < 10^). Similarly, 
for the control groups pre-treated with pre- or post-immune anti-whole virion sera, 
ErE4 mRNA was detected in 8/11 (73%) and C/11 (0%) grafts, respeaively (p = lO"^). 
These results indicate that treatment of the viral inoculum with the post-immune VLP 
serum is associated with marked inhibition of graft growth and viral gene expression, 
effects which are consistem with immune neutralization. Thus, recombinant VLPs can 
induce a neutralization response similar in magnitude to the response obtained by 
immunization with infeaious virus. 

The HPV 16 L1-L2 VLPs described by Zhou et al, 1991, Virolog}', vol. 185, pp. 
251-257, which disclosure is hereby incorporated by reference, were variable in size and 
smaller (35-40 nm in diameter) than either HPV virions (50-55) or baculovirus produced 
HPV 11 VLPs (50-55 nm; Rose et al., in press, 1993, which disclosure is hereby 
incorporated by reference). These morphologic characteristics are quite different from 
those of the VLPs described in the present invention. Furthermore, using the method 
of the invention, HPV LI protein alone is sufficient for the formation of particles 
whose biophysical charaaeristics and antigenic properties closely reflect those of native 
HPV virions. 

Using a similar approach, Kirnbauer, et al. reported inhibition of BPV-1- 
mediated transformation of mouse C127 cells in vitro by anti-BPV-1 VLP antibodies 
20 (Kii-nbauer et al, 1992, Proc. Natl. Acad. Sci. USA, vol. 89, pp. 12180-12184, which 
disclosure is hereby incorporated by reference.) The results obtained in that system 
support the results reported in the present invention, in which applicants have 
demonstrated neutralization using a genital HPV and its normal target tissue. Although 
concordance of results from the BPV-1/C127 cell assay and the athymic mouse bovine 
25 fetal skin xenograft system has been reported as previously described by Ghim et al., 
1993, Int. J. Cancer, vol. 49, pp. 285-289, which disclosure is hereby incorporated by 
reference, the BPV-1/C127 mouse fibroblast system is non-productive, and therefore 
neutralization can only be inferred from the absence of transformed foci in vitro. In 
addition, BPV-1 does not naturally infect mice, and the mechanism by which it gains 
30 entry into C127 cells may differ from the mechanism involved in the natural infection 



15 
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process. In contrast, the athymic mouse model used in the present study relies on 
infection by a genital HPV of its natural target tissue as previously described by Kreider 
et al.. 1985, Nature, vol. 317, pp. 639-641, which disclosure is hereby incorporated by 
reference, the infected graft is maintained in vivo and morphologic and histologic 
5 transformation of the infected graft is accompanied by the production of infectious 
virions. (See Kreider et al., 1987,/. ViroL, vol. 61, pp. 590-593, which disclosure is 
hereby incorporated by reference.) Antibody-mediated graft growth inhibition as 
previously described by Bonnez et al., 1992,/. Inf. Dis., vol. 165, pp. 376-380; 
Christensen et al., 1990, J, ViroL, vol. 64, pp. 3151-3156; Christensen et al., 1991, Virus. 

10 Research, vol. 21, pp. 169-179; Christensen et al, 1990, /. ViroL, vol 64, pp. 5678-5681; 

and Christensen et al., 1992, /. Gen. ViroL, vol. 73, pp. 1261-1267, which disclosures are 
hereby incorporated by reference, and immunocytochemical and molecular biologic 
evidence of inhibition of viral gene expression has been well documented, as previously 
described by Bonnez et al., 1991, /. Gen. ViroLy vol. 72, pp. 1343-1347; and Bonnez et 

15 al., 1992,/. In/, Dis., vol. 165, pp. 376-380, which disclosures are hereby incorporated by 
reference. Therefore, observations made in the athymic mouse system may more 
accurately reflect the events that occur in natural infection. 

Neutralizing antibodies to HPV-11 have been identified in humans with 
condyloma acuminatum as previously described by Christensen et al., 1992, /. Gen. 

20 Virol. , vol. 73, pp. 1261-1267, which disclosure is hereby incorporated by reference, but 
their biological significance is unknown. If neutralization proves to be a protective 
immunologic effector mechanism against papillomavirus infections in vivo, then 
immunization with recombinant VLPs may provide protective immunity to individuals 
at risk for infection. Applicants results suggest that the magnitude of neutralization 

25 activity of HPV-11 VLP antibodies is similar to that of antibodies specific for HPV-11 
infectious virions. Therefore, VLPs appear to be good vaccine candidates. However, 
the degree of cross-reactivity of capsid conformational determinants among different 
HPV types is not yet known and may be low as previously described by Gissmann et 
al., 1977, Virology^ vol. 76, pp. 569-580; Gross et al., 1983, Oncogenic Viruses , 

30 Pergamon Press, New York; Hagensee et al., 1993,/ ViroL, vol. -67, pp. 315-322; 
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Howley .t al.. ■PapiUomavirinaa and th..r replication.- Chap. 58. p. 1625-1650, m B. N. 

Fields and D.M. Knipa (ed.), V^, 2nd ed.. Vol. 2. Raven Press, New York (1990); 

Kirnbauer e. al.. 1992. Prcc. ml. Acai. Sa. USA. vol. 89. pp. 12180-12184; Kre.der et 

,1 1,87 / Virol, vol. 61, pp. 590-593; Kreider et al, 1985, Nature, vol. 317, pp. 6.9- 
5 641- and Orth et al., 1977, /. VM., vol. 24, pp. 108-120, which disclosures are hereby 
incorporated by reference. Full characterization of the potential of recombmant VLPs 
for use as rmmunogens for the prevcnt.on of gen.tal HPV disease will require further 
studies involving VLPs denved from other genitj HPV types. It will be ° 
i„,portant to detern^ne if antibodies to heterologous gen-tal HPV VLPs w^U be capable 

10 of neutralizing HPV infection. 

Wkh reference to Figure 17, HPV-11 whole v,rus particle (B) and HPV-11 VLP 
ant.sera (CD) reacted strongly with HPV-11 VLPs, bunt none of these ant:sera reacted 
with the HPV-16 or HPV-18 VLP preparations. Similarly, HPV-16 (E,F) and HPV-18 
(G,H) LI VLP rabbit antisera reacted only with homotypic VLPs. The specificmes of 
15 these reactions were verified in preabsorption experiments, in which the 

immunoreactivity of each rabbit VLP antiserum was abrogated by preabsorption with 
homotypic, but not heterotypic, VLPs (data not shown). None of the rabbit pre- 
inunune sera reacted with any of the VLP preparations (data not shown). The 
antiPVLl common antigen antiserum, which reacted well with recombinant LI protems 
20 by Western immunoblot (Fig. 15). reacted only slightly with native VLP preparations m 
the ELISA (Fig 17A). This observation suggests that epitopes normally recognized by 
this antiserum are masked under the conditions of the ELISA assay, and that the LI 
proteins tested in this assay are predominantly non-denatured. 

The present invention has shown that LI VLP epitopes of HPV-11, -16, and -18 
.5 are antigenically distinct. Although L2 capsid proteins were not present in these VLP. 

preparations, it is likely that the observed antigenic difference between HPV types also 
applies to virions. L2 represents approximately 10% of the total protein content of 
HPV particles (Doorbar et al., 1987,/. VIroL, vol. 61, 2793-2799, which disclosure is 
herebv incorporated by reference) and, although its exact location in the particle has not 
30 been determined (Baker et al., 1991, Biophyncal /., vol. 60, pp. 1445-1456, which 
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disclosure is hereby incorporated by reference), recent studies have suggested that it may 
be required for DNA encapsidation (Zhou et aL, 1993,/. Gen, ViroL, vol. 74, pp. 763- 
758, which disclosure is hereby incorporated by reference) and that a domain present in 
the relatively conserved amino terminal portion of the HPV-16 L2 amino acid sequence 
5 mediates non-specific DNA binding (Zhou et aL, 1994, J, Virol, , vol. 68, pp. 619-625, 
which disclosure is hereby incorporated by reference). Although the remainder of the 
L2 amino acid sequence is very^ heterogeneous among papillomaviruses (Danes et aL, 
1990j/. Invest, Dermatology, vol. 83, pp. 7-11, which disclosure is hereby incorporated 
by reference ), it is unclear if .L2-specific antibodies reaa with intact virions (Komly et 

10 aL, 1986, /. ViroL, vol. 60, pp. 813-816: and Hagansee. et aL 1993, / ViroL, vol. 67, pp. 

315-322, which disclosures are hereby incorporated by reference ). Thus, the L2 protein 
is not expected to alter substantially the results of the present study. 

Previous studies have indicated that different HPV types can be distinguished 
from one another using serologic techniques. For example, antibodies reactive with 

15 plantar wart virions were found much more commonly in sera from patients with 
plantar warts than in sera from patients with either common, flat, anogenital, or 
laryngeal warts (Pfister & zur Hausen, 1978, Int. /. Cancer, vol. 21, pp. 161-165; 
Kienzler et aL, 1983, Brit. / Dermatilogy, vol. 108, pp. 665-672; and Viae et aL, 1990, /. 
Med, ViroL, vol. 32, pp. 18-21, which disclosures are hereby incorporated by reference). 

20 Anisimova et aL, 1990, also showed directly by immunoelectron microscopy that HPV- 
1 and HPV-2 are antigenically distinct. However, it also appears that other HPV types 
are antigenically related. For example, the detection of antibodies which specifically 
recognize HPV-11 virions in sera from patients with documented HPV-6 infection was 
previously reported (Bonnez et aL, 1991,/ Gen, ViroL, vol. 72, pp. 1343-1347; and 

25 Bonnez et aL, 1992, ViroL, vol. 188, pp. 384-387, which disclosures are hereby 

incorporated by reference). Due to the lack of available HPV virions from most HPV 
types, VLPs are at present the best tool available to explore antigenic relatedness among 
HPVs. Antigenic differences among HPV types are likely to reflect genetic 

diversity within the LI coding sequence. Chan et aL constructed a papillomavirus 

30 phylogenetic tree that is based upon genetic divergence within a defined region of the 
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papillomavirus LI amino acid sequence (Chan et al, 1992, J. Virol., vol. 66, pp. 5714- 
5725, which disclosure is hereby incorporated by reference). Their work shows the 
relatively close evolutionar}^ relationship between HPV-6 and HPV-11, which is 
consistent with potential cross-reactivity between HPV-6 and -11 capsids. On the other 
5 hand, HPV-16 and HPV-18, which have diverged extensively in their LI sequences, are 
expected to have little antigenic cross-reactivity with each other or with HPV-11. 
Those predictions are consistent with the results of the present invention. 

The biologic relevance of HPV capsid antigenic variability is unknown, but 
diversity of the capsid protein could account for papillomavirus tissue-specificity. The 
10 availability of recombinant VLPs from a variety of papillomaviruses may prove useful 
in the identification of putative host- and tissue-specific cellular receptors. In addition, 
VLPs should play an important role in the delineation of the antigenic characteristics of 
HPVs, and in the conduct of studies of immune responses to these viruses. 

The present invention has been described in some detail by way of illustration 
15 and example for purposes of clarity of understanding, however, it will be obvious that 
certain changes and modifications may be practiced within the scope of the appended 
claims. 
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What is claimed is: 

1. A method of expressing the capsid protein coding sequence of 
papiliomavirus in a cell, comprising: 

transfecting a cell with a recombinant expression vector containing a 
papillomavirus capsid protein coding sequence under conditions facilitating expression 
of said capsid protein in the cell. 

2. The method of claim 1. wherein said recombinant expression vector is a 
baculovirus expression system. 

3. The method of claim 1, wherein said capsid protein coding sequence is 
the Ll protein coding sequence, a fragment or portion thereof. 

4. The method of claim 1, wherein said papillomavirus is selected from the 
group consisting of animal and human papillomavirus. 

5. The method of claim 4, wherein said papiliomavirus is genital human 
papillomavirus type. 

6. The method of claim 5, wherein said human papillomavirus is selected 
from the group consisting of HPV-6, HPV-11, HPV-16, HPV-18, HPV-33, HPVo5, 
HPVo and HPV-8. 

7. The method of claim 6, wherein said human papillomavirus is HPV-11. 

8. The method of claim 6, wherein said human papillomavirus is HPV-6. 

9. The method of claim 1, wherein said cell is selected from the group 
consisting of prokaryotic and eukaryotic. 
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10. The method o£ claim 1, wherein said cell is mammalian cell. 

11. The method of claim 1, wherein said cell is an insea cell. 

12. The method of claim 1, wherein said transfeaing step, is by infection. 

13. The method of claim 5, wherein said LI protein coding sequence 
comprises a mutation or deletion of the pentanucleotide mRNA degradation signal 
sequence AUUUA 

14. A method of expressing the capsid protein coding sequence of 
papillomavirus in an insect cell, comprising: 

cloning papillomavirus capsid protein coding sequence into a baculovirus 

transfer vector; 

co-transfecting insect cells with said baculovirus transfer vector and 
Autographa califomica nuclear polyhedrosis virus genomic DNA; 
recovering recombinant baculoviruses; and 

infecting insect cells with said recombinant baculoviruses under conditions 
facilitating expression of said capsid protein in the cell. 

15. The method of claim 14, wherein said capsid protein coding sequence is 
the LI protein coding sequence. 

16. The method of claim 14, wherein said insect cells are Sf-9 cells. 

17. The method of claim 14, wherein said papillomavirus is human 
papillomavirus. 
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18. The method of claim 17, wherein said human papillomavirus is selected 
from the group consisting oi HPY-G, HPV-11, HPV-16, HPV-18, HPV-33, HPV-35, 
HPVo and HPV-8. 

5 19. The method of claim 18, wherein said human papillomavirus is HPV-11. 

20. The method of claim 18, wherein said human papillomavirus is HPV-6. 

21. The recombinant papillomavirus capsid protein produced according to the 
10 method of Claims 1 or 14. 

22. A papillomavirus virus-like particle, fragment, capsomer or portion 
thereof, produced from the recombinant capsid protein of Claim 21. 

15 23. A papillomavirus virus-like particle, fragment, capsomer or portion 

thereof, produced from the capsid protein of papillomavirus, wherein said particle 
comprises antigenic characteristics similar to those of native infectious papillomavirus 
particles. 

20 24. The virus-like particle of claim 23, wherein said capsid protein is coded 

by an LI protein coding sequence, a fragment or portion thereof. 

25. The virus-like particle of claim 24, wherein said LI protein coding 
sequence is expressed in a cell using a baculovirus expression system. 

25 

26. The virus-like particle of claim 23, wherein said papillomavirus is selected 
from the group consisting of human and animal papillomavirus. 
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27. The vims-like particle of claim 26, wherein said human papillomavirus is 

• r.f WPV A HPV-11 HPV-16. HPV-18, HPV-33, 
selected from the group consistmg ot HI V-6, Mi \ ii, ru i , 

HPV-35, HPV-5 and HPV-8. 



28. 
HPV-11. 

29. 
HPV-6. 

-> ^ 



The virus-like particle of claim 27, wherein said human papillomavirus is 



The virus-like particle of claim 27, wherein said human papillomavirus is 



A 



method of producing a papillomavirus virus-like particle, fragment, 



capsomer or portion thereof, comprismg: 

infecting a cell with a recombinant expression vector containing a papillomavirus 
capsid protein coding sequence, under conditions facilitating expression of said capsid 
protein, thereby producing said virus-like particle. 

31. The method of claim 30, wherein said recombinant expression vector is a 
baculovirus expression system. 

32. The method of claim 30, wherein said papillomavirus is human 

papillomavirus. 

33. The method of claim 32, wherein said human papillomavirus is selected 

• • pTPv A HPV-11 HPV-16, HPV-18, HPV-33, HPV-35, 
from the group consisting of HPV-6, m v ii, rxi v lo, 

HPV-5 and HPV-8. 

34. The method of claim 33, wherein said human papillomavirus is HPV-11. 

35. The method of claim 33, wherein said human papillomavirus is HPV-6. 
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36. The method of claim 30, wherein said capsid protein coding sequence is 
the LI protein coding sequence. 

37. The method of claim 30. wherein said cell is an insect cell. 

38. The method of claini 36, wherein said LI protein coding sequence 
comprises a mutation or deletion of the pentanucleotide mRNA degradation signal 
sequence AUUUA. 

39. A method of producing a papillomavirus virus-like particle, fragment, 
capsomer or portion thereof, comprising: 

cloning papillomavirus capsid protein coding sequence into a baculovirus transfer 

vector; 

co-transfecting insect cells with said baculovims transfer vector and Autographa 
califomica nuclear polyhedrosis virus genomic DNA; 
recovering recombinant baculoviruses; and 

infecting insect cells with said recombinant baculovirus under conditions 
facilitating expression of said protein, thereby producing said virus-like particle. 

40. The papillomavirus virus-like particle, fragment, capsomer or portion 
thereof, produced according to the method of Claims 30 or 39. 
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